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ABSTRACT

Manifestation of heterosis in interbreed crosses of high, medium, low and control
lines selected for pupal weight in silkworm is reported. Significant positive heterosis
over better parent in the selected and correlated traits was obtained due to the
wider genetic distance noticed in Pure Mysore (multivoltine) and NB18 (Bivoltine).
Whereas, the magnitude of heterosis varied among interbreed crosses which involved
all three types of gene effects (additive, dominance and epistatic interactions). The
present study indicated that heterosis was more pronounced in the crasses involving
bivoltine which happen to be either low male or female component and is clearly
demonstrated in the heterosis averaged over male and female parents. Higher pupal
weight does not necessarily result in higher heterotic values so, while selecting the
parents for commercial exploitation differential pupal weight should also need to
be considered.
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Heterosis in crosses among breeds, inbred and long isolated strains has been
observed in most farm and laboratory animals [1]. The bulk of experimental evidence
in animals suggests that the dominance effect appears to be widely contributing to
heterosis among cross besides interactions [2], epistatic [3] and genetic distance of
the strains [4, 5]. The exploitation of heterosis is considered to be one of the out-
standing achievements in silkworm breeding. In silkworm, many quantitative characters
are closely associated with nature of voltinism and maturity period, which are known to
be sex linked [6-10] and expression of heterosis varies in the reciprocal crosses.
Attempts have also been made to evaluate the crossing effects in the lines of mice [11,
12] and silkworm [13-15]. The objective of this study was to estimate the magnitude
of heterosis in interbreed crosses of silkworm lines selected for pupal weight.

MATERIALS AND METHODS

After eight generations of selection for pupal weight interbred crosses were
made among high, medium, low and control lines of two silkworm strains viz., Pure
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Mysore and NB18. Females of the selected lines of Pure Mysore were crossed with
males of selected lines of NB18 strain and reciprocal crosses were also made. The
larvae of direct and reciprocal crosses were reared simultaneously along with their
parents. Three replications of 100 larvae each were reared as per the standard
technique [16]. The performance of nine traits namely, pupal weight, larval weight,
single cocoon weight, shell weight, pupation rate, larval duration, filament length,
denier and fecundity were recorded. The magnitude of heterosis was estimated over
better parental (BP) value and tested for significance as per the standard statistical
procedure.

RESULTS AND DISCUSSION

The performance of all the hybrids in respect of pupal weight, larval weight,
(except M x M), cocoon weight, shell weight, pupation rate (except in three crosses),
larval duration, filament length (except H x M) and fecundity was superior than
their parents (Tables 1, 2). However, the size of the filament was higher than that
of their parents which is not desirable. The heterosis was positive and significant
in respect of pupal weight, cocoon weight, (except M x C), fecundity and denier.
Negative and significant heterosis was registered in respect of larval duration (except
in C x L and H x C). Six crosses viz, Lx L, C xL, Hx C, M x C, L x C and
C x C in respect of larval weight, four crosses (H x HL H x M, L x M and H x
C) in respect of pupation rate exhibited significant positive heterosis. In respect of
shell weight, and filament length H x L cross alone registered positive and significant
heterosis. The crosses involving the low lines as male components [H x L, M x L,
L x L and C x L] yielded higher magnitude of BP heterosis for all the traits (except
larval duration and pupal rate). Similar trend was also obtained when estimate of
BP heterosis was average over male and female components (Table 5).

The effects of selection for pupal weight, were reflected in the heterosis over
BPV for selected and unselected traits. The significant and positive heterosis observed
in the selected and correlated traits of interbreed crosses may be due to the wider
genetic distance noticed in pure mysore and NB18 strains [4,5]. However, the
magnitude of heterosis varied among interbreed crosses depending upon the frequency
of fixation of additive and dominance effect and epistatic interaction. Further, because
of random drift, the gene frequency in two different lines will not be the same for
all pairs. Hence it is not surprising that different pair of lines show different amount
of heterosis. The manifestation of heterosis in pupal weight, larval weight, and shell
weight, mainly may be due to over dominance and epistatic interaction, since
significant and positive heterosis was observed over superior parents. Heterosis in
cocoon weight, was recognised as due to over dominance and epistatic interactions
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Table 1. Mean performance of parents and cross breeds among selected lines for
different quantitative traits in multi x bivoltine hybrids

LW SCW PwW SW PR TLD FL D FEC

Parents

Bivoltine (NBig)

High (H) 3520 1291 1.048 0244 597 26958 903 2.10 491
Medium (M) 3222 1263 1019 0246 1511 26792 886 191 377
Low (L) 2067 0811 0660 0.151 5086 26333 651 1.49 342
Control (C) 2351 1.010 0821 0.188 3889 26333 781 1.80 386
Multivoltine (Pure Mysore)

High (H) 1544 0808 0706 0102 6027 29500 421 1.98 3.44
Medium (M) 1418 0732 0636 009 7338 29333 387 1.83 343
Low (L) 1.168 0584 0510 0.073 7543 29.000 270 1.69 312
Control (C) 1489 0701 0.606 0.095 81.14. 29417 355 1.88 325
(Pure mysore x NBis)

'H x H 2.871 1400 1159 0241 7110 26458 710 2.14 561
M x H 2840 1367 1127 0240 5033 26333 724 2.24 467
LxH 2849 1381 1.152 0229 5610 26167 687 215 539
CxH 2957 1332 1117 0215 3780 26167 678 2.16 527
HxM 2938 1281 107t 0210 8017 26.167 595 221 543
MxM 2302 1316 1.093 0223 4060 26458 653 2.03 538
LxM 2569 1261 1044 0217 8500 26333 604 2.07 549
CxM 2625 1292 1064 0228 6100 26333 661 213 556
HxL 2563 1309 1.082 0228 5940 26167 738 2.00 589
MxL 2711 1237 1024 0213 6500 26167 701 1.91 581
LxL 2306 1174 0981 0.193 6830 26167 607 2.06 502
CxL 2562 1.224 1.022 0202 4830 26458 673 2.02 542
HxC 2754 1319 1086 0233 7780 26458 705 2.08 531
M x C 2709 1100 1071 0212 7220 26333 588 2.01 517
LxC ) 2561 1237 1031 0207 6890 26333 620 2.18 560
CxC 2758 1310 1.090 0221 7610 26333 697 212 565

*The first letter in the cross denotes female parent.

LW - Larval weight (g), SCW - Single cocoon weight (g), PW - Pupal weight (g), SW - Cocoon
shell weight (), PR - Pupation rate (%), LD - Larval duration (days), FL - Filament length
(m), D - Denier, FEC - Fecundity (no.)
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Table 3. Mean performance of parents and cross breeds among selected lines for
different quantitative trait in BI x multi hybrids

LW SCW PW SW PR LD FL F FEC
Parents
Bivoltine (NBisg)
High (H) 3520 1.291 1.048 0.244 597  26.958 903 2.10 491
Medium (M) 3222 1263 1019 0246 1511 26.792 886 191 377
Low (L) 2067 0811 0660 0.151 50.86 26.333 651 1.49 342

Control (C) 2351 1010 0821 0188 3889 26333 781 1.80 386
Multivoltine (Pure Mysore)

High (H) 1.544 0808 0706 0.102 6027 29500 421 1.98 344
Medium (M) 1418 0732 0636 0.096 7338 29333 387 1.83 343
Low (L) 1.168 0584 0510 0.073 7543 29.000 270 1.69 312

Control (C) 1489 0701 0.606 005 8114 29417 355 1.88 325
(NB1s x Pure Mysore)

'Hx H 2.988 1.332 1.085 0.246 35.54 25.625 765 2.35 466
M x H 2404 1163 0955 0208 3440 25625 617 2.11 465
L x H 2555 1184 0979 0.205 7500 25167 641 1.99 478
CxH 2473 1132 0936 0196 7390 25625 795 2.28 542
HxM 2904 1345 1.098 0256 7390 25625 795 2.28 542
M x M 2,610 1.170 0056 0214 66.70 25.625 681 2.20 413
LxM 2.676 1.228 0.998 0.230 100.00 25.167 730 2.06 496
CxM 2569 1198 0981 0217 9000 25167 641 2.10 457
H x L 2.667 1.194 0.984 0.210 7220 26.167 750 2.11 511
MxL 2337 1065 0874 0192 7720 24958 637 2.04 373
LxL 2.441 1.138 0.936 0.202 9220 24.958 693 2.03 509
CxL 2.460 1.105 0.906 0.200 8830 25.167 625 2.03 501
Hx C 2922 1293 1055 0238 9560 25625 752 2.15 537
Mx C 2.605 1.233 1.007 0.214 80.60 25.167 641 2.08 511
LxC 2498 1110 0909 0201 9060 25167 699 1.97 425
CxC 2537 1095 0906 0.188 7560 25625 564 1.87 465

*The first letter in the cross denotes female parent.

LW - Larval weight (g), SCW - Single cocoon weight (g), PW - Pupal weight (g), SW - Cocoon
shell weight (g), PR - Pupation rate (%), LD - Larval duration (days), FL. - Filament length
(m), D - Denier, FEC - Fecundity (no.)
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while heterosis in shell weight, is due to complete dominance [17]. The results
obtained in this study are partially in agreement with the above observation.

Mean values of the traits in respect of parents and their hybrids of reciprocal
crosses are presented in Table 3 and 4 respectively. All the hybrids registered better
performance than their parents in respect of pupal weight, larval weight, cocoon
weight, shell weight, pupation rate, filament length (except M x H and C x C) and
fecundity. The reduction in larval duration and increase in the size of the filament
compared with their parents was noticed in all the hybrids. Larval duration and
denier registered negative and positive BP significant heterosis respectively. The
magnitude of heterosis over BPV was higher in the crosses involving the low lines
as female components (L x H, L x M, L xL and L x C) with an exception to larval
duration and pupation rate. These findings are also further established when the BP
heterosis is estimated averaged over male and female components (Table 5).

Among the heterosis averafed over male components in PM x NB18 and female
component in NB18 x PM combinations, low selection lines registered high degree
of positive heterosis over BPV (except larval duration and pupation rate). This
indicated that a greater hybrid vigour is observed in those interbreed crosses in
which bivoltine happened to be either low male or female component. Large genetic
distance present in the hybrids involving low selection lines probably increase the
heterosis [4,5]. Further, the mean values of cocoon weight, shell weight, and filament
length in the direct crosses (M x B) were higher than their reciprocals (B x M)
which supports the observations of Tazima [10]. First, it was proposed that maturity
genes linked to Z chromosome play an important role in reciprocal hybrid differences
since these genes have close relationship with body size, cocoon weight, shell weight,
and body weight, [6]. Later, Marohoshi [7] proposed multiple allelism of maturity
genes on Z chromosome and the differences for maturity in direct and reciprocal
crosses. Further, this genetic mechanism involves voltinism, maturity genes,
temperature during silkworm rearing and hormonal interplay seem to operate on
the manifestation of the traits [18]. Significant negative BP heterosis obtained in the
desired direction for larval duration indicated that the magnitude of heterosis was
more in reciprocal crosses (B x M) than direct crosses (M x B). It is important to
consider these results while utilising strains which differ in pupal weight, for
developing superior F1 hybrids. The crosses involving bivoltine male (0.479 - 0.795
g) or female (0.706 - 0.882 g) with lower pupal weight, is one of the desirable
component in hybridisation to obtain high magnitude of heterosis.
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